Gastroenteritis is caused by bacteria, viruses, protozoa, or a mixture of these pathogens. Rotaviruses are a frequent cause of gastroenteritis in mammalian neonates and avian species 8 and a major pathogen in diarrhea of calves. 8 Furthermore, the severity of the clinical disease is greater in young calves, which oftentimes leads to extensive economic 1osses. 8 Rotavirus-caused diarrheas cannot be diagnosed solely on clinical signs; therefore, a rapid, simple, and sensitive laboratory detection method for rotavirus would be of a great diagnostic value. Several assays, including electron microscopy (EM), have been developed for the rapid detection of rotaviruses or their antigens in stool samples of humans and animals. Because antigen-capture ELISAs (Ag-capture ELI-SAs) detect fragments of viral proteins in addition to intact virions, the purpose of this investigation was to evaluate an Ag-capture ELISA developed in our laboratory (Ag-C ELISA), a commercial ELISA kit a (AELISA) designed to detect human rotavirus, a cell culture indirect immunofluorescent assay (CCIFA), and a cell culture ELISA (In Situ ELISA) for the detection of rotaviral group A antigens in bovine fecal samples.
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A sampling of 92 fecal specimens collected from diarrheic young calves was used in this study. For use, each fecal specimen was clarified and diluted 1:5, 1:25, and 10-fold from 10 -2 to 10 -6 in 0.05% Tween 20 in phosphate-buffered saline (PBS-T). These dilutions of feces were then used in the Ag-C ELISA, CCIFA, and In Situ ELISA.
The Ag-capture ELISA was done in 96 flat-bottomed microtiter plates b coated with monoclonal antibody (MAb) c against the group A antigen of bovine rotavirus. Each dilution of fecal specimen was added into triplicate wells. The detector antibody (polyclonal bovine anti-rotavirus d ) was then added, followed by biotinylated and affinity-purified goat anti-bovine IgG. e A commercial detector system f that consisted of a complex of avidin and peroxidase-conjugated biotin (ABC) was used. After washing the microtiter plates, a peroxidase substrate/chromogen 2.2'-azino-di(3-ethyl-benzthiazoline sulfonate) (ABTS) g was added and the reaction stopped with a 2 mM sodium azide solution. To prevent nonspecific binding of each reagent, BLOTTO 6 (Bovine Lacto Transfer Technique Optimizer), a blocking agent, was used. The reactions on each plate, which also contained known negative and positive samples, were read at a wavelength of 415 nm (OD415nm ) using a spectrophotometer. Absorbances that were 3 standard deviations above the mean of the negative control were designated as positive.
For the In Situ ELISA and CCIFA, the monolayers of cells in the 96-well microtiter plates h were prepared as previously described l0 with some modification. After fixation of rotavirus-infected cell monolayers, polyclonal bovine anti-rotavirus serum d diluted 1:500 in PBS-T was added to the In Situ ELISA. The plates were incubated overnight at 37 C. The virus detection methodology used for the In Situ ELISA was identical to that for the Ag-capture ELISA. The CCIFA, using MAb c and fluorescein isothiocyanate-conjugated antimouse i antibody, was done as previously reported l0 with slight modification. To determine the cross-reactivity of each assay with other enteric microorganisms, bovine viral diarrhea virus (BVDV-NADL), d bovine coronavirus, d and Escherichia coli J5 were used. As a positive control, a tissue cultureadapted rotavirus (strain NCDV) was used undiluted and at 10-fold dilutions between 10 0 and 10 -7 . A commercial AELISA was also used, and the absorbances were determined spectrophotometrically.
The results of the various assays to detect rotavirus are presented in Table 1 . Of the 92 specimens assayed for rotavirus, the following percentages were found positive for each assay: 90% by the In Situ ELISA, 64% by the Ag-C ELISA, 43% by AELISA, and 39% by the CCIFA. Of the 4 assays used, the In Situ ELISA was the most sensitive, followed by the Ag-C ELISA, AELISA, and CCIFA.
Based on our findings in the 3 assays for the detection of bovine rotavirus, AELISA was found to have the greatest agreement (77%) with the CCIFA (Table 1) . Additionally, the CCIFA agreed with the Ag-C ELISA in 66% of the cases and with the In Situ ELISA in 46%. Cross-reactions were not seen in any of the assays using BVDV, bovine coronavirus, or E. coli J5. When a suspension of tissue culture-adapted rotavirus (with a titer of 2.87 x l0 6 TCID 50 /ml) was used to measure the relative sensitivities of these assays, a titer of 4.05 x l0 7 fluorescent units/ml was detected by CCIFA, (≤ 2.2 x 10 4 TCID 50 /ml by AELISA, and ≤ 2.2 x l0 3 TCID 50 / ml by Ag-C ELISA and In Situ ELISA. Of the reported rotavirus detection methods, each has its inherent problems. Based on the number of rotavirus-positive samples, AELISA was shown in this study to be less sensitive than the Ag-C ELISA or In Situ ELISA (Table 1) . Nevertheless, AELISA had the highest agreement with CCI-FA. AELISA is routinely used in veterinary medicine for the diagnosis of rotavirus-caused diarrheas because it is economical, rapid, and easy to perform. However, different sensitivities in AELISA for detection of rotavirus have been reported. 1, 7 In a previous study, AELISA has been reported to be as sensitive as EM but is more sensitive than fluorescent antibody (FA) assay or virus isolation (VI) in the detection of rotavirus in fecal samples? In the detection of human rotavirus, 32% of specimens that were positive by EM and polyacrylamide gel electrophoresis (PAGE) were negative by AELISA. 7 The percentage of false negatives (specificity) still remained high (22%) when the fecal slurry extraction method described in the AELISA protocol was used in conjunction with an alteration of the incubation times.
In our study, CCIFA was found to be more sensitive in the detection of rotavirus than the other assays, based on the viral titer recovered when a suspension of rotavirus was used. A problem with using field-derived virus lies in the inability of replication of these strains to detectable titers in cell culture. 2 However, it was shown that when human fecal specimens were centrifuged onto coverslips containing cells, FA was as sensitive as EM in the detection of rotavirus. 9 In this study, the In Situ ELISA was the most sensitive of the assays evaluated for the detection of rotavirus in feces. These results are in agreement with previous In Situ ELISA done with porcine rotavirus? Because In Situ ELISA had a lack of agreement with CCIFA when feces from calves were used, and also was less sensitive than CCIFA in the detection of cell culture-adapted rotavirus, these results could be explained by the use of polyclonal antibody in the assay, which probably cross-reacted nonspecifically with other antigens in the feces. If MAb were used in the In Situ ELISA, the number of false positives might be reduced.
The Ag-C ELISA was more sensitive than AELISA or CCIFA when used with field specimens; however, its agreement with CCIFA was low. The higher sensitivity of CCIFA than Ag-C ELISA to detect rotaviral antigens suspension may be a reflection of the types of antibodies used in each assay and the concentration of the viruses, since replication occurs in the CCIFA. The In Situ ELISA had a greater sensitivity than the Ag-C ELISA, which could be due to a conformational (steric) change in the coating antibody when it binds to a plastic surface in the Ag-C ELISA. 4 To enhance the sensitivity of the Ag-C ELISA, a protein-biotin-avidin capture system could be used, which has been reported to enhance the antibody capture capacity 5-400-fold. 3 From our findings, we conclude that AELISA has the highest agreement with CCIFA, which indicates a higher specificity for rotaviral antigens. Although the In Situ ELISA and Ag-C ELISA had a greater detection level for rotavirus antigens in feces, this may be due to nonspecific binding to other antigens in the feces or the type of antibody used in the ELISAs.
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